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Abstract: The recent progress of multiple chiral doublet bands (MχD) is reviewed for both experimental and
theoretical sides. In particular, the experimental findings, theoretical predictions, selection rule for electromagnetic
transitions, MχD with octupole correlations and some related topics are highlighted. Based on these discussions,
it is of highly scientific interest to search for the more MχD as well as the possible chiral wobblers, chirality-parity
quartet and chirality-pseudospin triplet (or quartet) bands in nuclear system.
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1 Introduction
Handedness or chirality is a well-known phenomenon
in chemistry, biology and particle physics. Many bio-
logical molecules occur in identical but left- and right-
handed modes. In particle physics chirality is a dynami-
cal feature of massless particles, which distinguishes the
parallel or antiparallel orientation of spin and momen-
tum. However, scientists have long believed that the
atomic nucleus are too symmetrical to exist as left- and
right-handed versions. The question about the existence
of chiral nuclei is thus of great interest.
The first prediction of chirality in atomic nuclei was
made by Frauendorf and Meng in 1997 [1]. They pointed
out the existence of this phenomenon in triaxial odd-odd
nuclei where three angular momentum vectors may cou-
ple to each other in either a left- or right-handed mode.
Such a chiral geometry may give rise to pairs of nearly
degenerate ∆I = 1 bands with the same parity, i.e., the
chiral doublet bands. To test the theoretical prediction
of chirality in atomic nuclei, much effort has been de-
voted to further exploring this interesting phenomenon.
So far, such chiral doublet bands have been reported in
the A∼ 80 [2–4], 100 [5–12], 130 [13–29], and 190 [30–36]
mass regions of the nuclear chart. For details, see recent
reviews on nuclear chirality and related topics [37–45] or
data tables [46].
In 2006, based on the adiabatic and configuration-
fixed constrained triaxial relativistic mean field (RMF)
calculations, triaxial shape coexistence with high-j
proton-hole and neutron-particle configurations is found
in 106Rh, which demonstrates the possible existence of
multiple chiral doublet (acronym MχD) bands in this
nucleus [47]. In the last decade, the theoretical predic-
tion of MχD has stimulated a lot of experimental ef-
forts [3, 12, 28, 48–52]. In this review, we will present
the recent progress of MχD.
2 Experimental findings of MχD
In this section, our attempt is to provide an overview
of experimental findings of MχD. In 2013, two distinct
sets of chiral doublet bands based on the pih211/2⊗νh−111/2
and pih11/2(g7/2)
−1 ⊗ νh−111/2 configurations were identi-
fied in the odd-A nucleus 133Ce, which was regarded
as the strong experimental evidence for the existence of
MχD [28]. The experimental observations of MχD rep-
resent an important confirmation of triaxial shape coex-
istence and its geometrical interpretation. Later, a novel
type of MχD bands with the identical configuration was
found in 103Rh [12], which shows that chiral geometry
can be robust against the increase of the intrinsic exci-
tation energy. The MχD with octupole correlations was
identified in the odd-odd 78Br, which provides the first
example of chiral geometry in octupole soft nuclei, and
indicates that nuclear chirality can be robust against the
octupole correlations [3]. It also indicates that a simulta-
neous breaking of chiral and space-reflection symmetries
may exist in nuclei. In 2018, the MχD involving 3 and 5
quasiparticle configurations has been observed in odd-A
195Tl [52], which is the first observation of such bands
in A∼ 190 mass region. Five pairs of nearly degenerate
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doublet bands were reported in the even-even 136Nd [51].
Very recently, a new pair of chiral doublet bands with
the pig7/2h11/2 ⊗ νh11/2 configuration was identified in
135Nd [53], which is the isotone of 133Ce. The new ob-
served chiral doublet bands together with the previously
known chiral bands with the pih211/2⊗ νh11/2 configura-
tion [20] constituted a new example of MχD bands.
Table 1. The observed MχD nucleus candidate, reaction used to produce MχD, number of pairs for the observed
chiral doublet bands, and single-particle configuration of MχD
Nucleus Reaction Number Single-particle configuration
78Br [3] 70Zn(12C, p3n) 2 pig9/2⊗νg9/2, pif5/2⊗νg9/2
103Rh [12] 96Zr(11B, 4n) 3 pig9/2⊗νh
2
11/2
, pig9/2⊗νh11/2g7/2
105Rh [7, 8] 100Mo(11B, α2n), 96Zr(13C, p3n) 2 pig9/2⊗νh
2
11/2
, pig9/2⊗νh11/2g7/2
107Ag [56–58] 100Mo(11B, 4n), 94Zr(17O, p3n) 2 pig−1
9/2
⊗νh2
11/2
, pig−1
9/2
⊗νh11/2(d5/2/g7/2)
133Ce [28] 116Cd(22Ne, 5n)133Ce 2 pih2
11/2
⊗νh11/2, pig7/2h11/2⊗νh11/2
135Nd [20, 53] 110Pd(30Si, 5n), 100Mo(40Ar, 5n) 2 pih2
11/2
⊗νh11/2, pig7/2h11/2⊗νh11/2
136Nd [51] 100Mo(40Ar, 5n) 5 pih1
11/2
(d5/2, g7/2)
−1
⊗νh−1
11/2
(s1/2, d3/2)
−1,
pih3
11/2
(d5/2, g7/2)
−1
⊗νh−1
11/2
(s1/2, d3/2)
−1,
pih2
11/2
(d5/2, g7/2)
−2
⊗νh−1
11/2
(f7/2,h9/2)
1,
pih2
11/2
(d5/2, g7/2)
−2⊗νh−1
11/2
(s1/2, d3/2)
−1
pih2
11/2
⊗νh−1
11/2
(s1/2, d3/2)
−1
195Tl [52] 185,187Re(13C, xn) 2 pih9/2⊗νi
−2
13/2
, pii13/2⊗νi
−3
13/2
(p3/2f5/2)
−1
In fact, the existence of more than one chiral configu-
ration in one nucleus had been noticed in 2004. the can-
didate chiral doublet bands in 105Rh with pig−19/2⊗νh211/2
configuration [7], and another ones with tentatively sug-
gested pig−19/2⊗νh11/2(d5/2/g7/2) configuration [8] were re-
spectively reported by the two different groups. The
triaxial RMF approaches have been applied to investi-
gate their triaxial deformations with the corresponding
configurations in 105Rh. Two pairs of doublet bands in
105Rh were suggested as the candidate MχD bands [54].
A similar discussion was also applied to 107Ag [55]. Two
pairs of doublet bands with the pig−19/2⊗νh211/2 and pig−19/2⊗
νh11/2(d5/2/g7/2) configurations in
107Ag have been ob-
served in the experiments [56–58]. The RMF calculations
showed the pig−19/2⊗ νh211/2 and pig−19/2⊗ νh11/2(d5/2/g7/2)
bands in 107Ag have obvious triaxial deformation, γ =
27.2◦ and γ = 28.1◦, respectively. These are favorable
deformation parameters for chirality. Using these defor-
mation parameters as input, the multiparticle plus rotor
model (MPRM) calculations well reproduced the avail-
able data for the two pairs of doublet bands. The chiral
geometry of the aplanar rotation for two pairs of doublet
bands was further confirmed by analyzing the angular
momentum components [55].
The observed MχD nucleus candidate, reaction used
to produce MχD, number of pairs for the observed chiral
doublet bands in each nucleus, and single-particle con-
figuration of MχD are summarized in Tab. 1. As shown
in Tab. 1, all MχD nucleus candidates were discovered
in the fusion evaporation reactions using in-beam γ-ray
spectroscopy. For the single-particle configurations of
MχD, the high-j intruder orbitals (for instance, g9/2,
h11/2 and i13/2) are involved in all observed MχD nucleus
candidates. Some low-j orbitals also appeared in the
multiparticle configurations, and usually acted as a spec-
tator in the formation of chiral geometry. Furthermore,
the observed MχD nucleus candidates can be roughly
divided into two categories. One is MχD bands with
the distinct configurations that differ from each other in
their triaxial deformations and configurations. For ex-
ample, two distinct chiral doublet bands based on the
configurations pih211/2⊗νh11/2 and pig7/2h11/2⊗νh11/2 in
133Ce [28]. The second is MχD bands with the identical
configuration. A unique example is MχD bands with the
pig9/2⊗νh11/2g7/2 configuration in 103Rh [12].
3 Theoretical predictions of MχD
Theory-wise, MχD has been investigated with the
triaxial PRM [59–63], the combination of triaxial PRM
and RMF approaches [3, 12, 28, 51, 53, 64], the tilted
axis cranking model (TAC) with the collective Hamilto-
nian [65, 66] and the projected shell model [67], etc. In
this section I shall only focus on the theoretical predic-
tions of MχD.
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Table 2. The calculated triaxial deformation parameters β and γ, corresponding valence nucleon and unpaired
nucleon configurations of minima, as well as excitation energies Ex in the predicted MχD nuclei.
Configuration (β,γ) Ex
Nuclei Valence nucleons Unpaired nucleons (MeV)
54Co [68] pif−1
7/2
⊗ν(g1
9/2
f−2
7/2
) pif−1
7/2
⊗νg1
9/2
(0.26,18.2◦) 8.39
pi(g1
9/2
f−2
7/2
)⊗νf−1
7/2
pig1
9/2
⊗νf−1
7/2
(0.26,17.3◦) 8.1
57Co [68] pif−1
7/2
⊗νg1
9/2
(fp)1 pif−1
7/2
⊗νg1
9/2
(fp)1 (0.20,24.0◦) 5.79
pif−1
7/2
⊗ν(g2
9/2
) pif−1
7/2
⊗νg2
9/2
(0.25,36.0◦) 11.82
60Co [68] pif−1
7/2
⊗νg1
9/2
(fp)4 pif−1
7/2
⊗νg1
9/2
(0.28,27.0◦) 2.07
pif−1
7/2
⊗νg2
9/2
(fp)3 pif−1
7/2
⊗νg2
9/2
(fp)1 (0.30,15.1◦) 6.75
74Br [69] pi(g3
9/2
f−2
5/2
p−4
3/2
p−2
1/2
)⊗ν(g4
9/2
f−1
5/2
p−2
3/2
p−2
1/2
) pig1
9/2
⊗νf−1
5/2
(0.43,23.2◦) 0.44
pi(g3
9/2
f−2
5/2
p−4
3/2
p−2
1/2
)⊗ν(g5
9/2
f−2
5/2
p−2
3/2
p−2
1/2
) pig1
9/2
⊗νg−1
9/2
(0.45,27.5◦) 0.47
76Br [69] pi(g3
9/2
f−4
5/2
p−2
3/2
p−2
1/2
)⊗ν(g5
9/2
p−2
3/2
p−2
1/2
) pig1
9/2
⊗νg−1
9/2
(0.41,20.8◦) 0.08
pi(g1
9/2
f−2
5/2
p−4
3/2
)⊗ν(g4
9/2
p−1
3/2
p−2
1/2
) pig1
9/2
⊗νp−1
3/2
(0.36,32.0◦) 0.42
pi(f−1
5/2
p−2
3/2
p−2
1/2
)⊗ν(g5
9/2
p−2
3/2
p−2
1/2
) pif−1
5/2
⊗νg1
9/2
(0.28,40.3◦) 2.52
80Br [69] pi(g2
9/2
f−1
5/2
p−4
3/2
p−2
1/2
)⊗ν(g7
9/2
p−2
1/2
) pif5/2⊗νg
−1
9/2
(0.31,23.7◦) 0.96
pi(g3
9/2
f−2
5/2
p−4
3/2
p−2
1/2
)⊗ν(g7
9/2
p−2
3/2
) pig1
9/2
⊗νg−1
9/2
∗ (0.34,25.2◦) 1.54
82Br [69] pi(g3
9/2
f−2
5/2
p−4
3/2
p−2
1/2
)⊗ν(g7
9/2
p2
3/2
p−2
3/2
) pig1
9/2
⊗νg−1
9/2
(0.41,17.5◦) 6.62
pi(g1
9/2
p−4
3/2
p−2
1/2
)⊗ν(g7
9/2
) pig1
9/2
⊗νg−1
9/2
(0.15,33.6◦) 2.77
pi(g3
9/2
f−2
5/2
p−4
3/2
p−2
1/2
)⊗ν(g7
9/2
) pig1
9/2
⊗νg−1
9/2
∗ (0.27,10.2◦) 3.78
78Rb [70] pi(g3
9/2
f−4
5/2
p−2
3/2
)⊗ν(g5
9/2
f−2
5/2
p−2
3/2
) pig1
9/2
⊗νg−1
9/2
(0.37,34.0◦) 0.26
pi(g2
9/2
f−3
5/2
p−2
3/2
)⊗ν(g5
9/2
f−2
5/2
p−2
3/2
) pif1
5/2
⊗νg−1
9/2
(0.32,38.8◦) 0.51
pi(g3
9/2
f−4
5/2
p−2
3/2
)⊗ν(g7
9/2
f−4
5/2
p−2
3/2
) pig1
9/2
⊗νg−1
9/2
(0.40,44.5◦) 1.46
80Rb [70] pi(g1
9/2
p−2
3/2
p−2
1/2
)⊗ν(g5
9/2
p−2
1/2
) pig1
9/2
⊗νg−1
9/2
(0.22,45.1◦) 0.31
pi(g3
9/2
f−2
5/2
p−4
3/2
)⊗ν(g6
9/2
p−1
3/2
p−2
1/2
) pig1
9/2
⊗νp−1
3/2
(0.33,37.3◦) 1.19
pi(g3
9/2
p−4
3/2
p−2
1/2
)⊗ ν(g7
9/2
p−2
3/2
p−2
1/2
) pig1
9/2
⊗νg−1
9/2
(0.35,39.1◦) 1.98
82Rb [70] pi(g2
9/2
p−3
3/2
p−2
1/2
)⊗ν(g7
9/2
p−2
1/2
) pip1
3/2
⊗νg−1
9/2
(0.26,42.7◦) 0.07
pi(g1
9/2
p−2
3/2
p−2
1/2
)⊗ν(g7
9/2
p−2
1/2
) pig1
9/2
⊗νg−1
9/2
(0.22,36.9◦) 0.24
pi(g3
9/2
f−2
5/2
p−4
3/2
)⊗ν(g7
9/2
p−2
1/2
) pig1
9/2
⊗νg−1
9/2
(0.29,45.5◦) 0.56
106Rh [47, 71–73] pig−3
9/2
⊗νh1
11/2
(d2
5/2
ord2
3/2
) pig−1
9/2
⊗νh1
11/2
∗ (0.25,23.3◦) 0.636
pig−3
9/2
⊗νh3
11/2
pig−1
9/2
⊗νh1
11/2
(0.30,22.9◦) 1.219
110Rh [71] pig−3
9/2
⊗νh3
11/2
pig−1
9/2
⊗νh1
11/2
(0.26,40.6◦) 0
pig−3
9/2
⊗νh5
11/2
pig−1
9/2
⊗νh1
11/2
(0.31,18.7◦) 0.51
105Ag [74] pi(g−1
9/2
p−2
1/2
)⊗ν(h1
11/2
d2
5/2
g5
7/2
) pig−1
9/2
⊗νh1
11/2
g−1
7/2
∗ (0.23,34.9◦) 2.46
(g−1
9/2
p−2
1/2
)⊗ν(h1
11/2
d1
5/2
g6
7/2
) pig−1
9/2
⊗νh1
11/2
d1
5/2
(0.23,26.5◦) 3.10
(g−1
9/2
p−2
1/2
)⊗ν(h2
11/2
g6
7/2
) pig−1
9/2
⊗νh2
11/2
(0.25,38.5◦) 3.94
125Cs [75] pi(g4
7/2
h1
11/2
)⊗ν(sd)5h7
11/2
pih1
11/2
⊗νh−1
11/2
(sd)1 (0.25,26.3◦) 2.75
pi(g4
7/2
h1
11/2
)⊗ν(sd)4h8
11/2
pih1
11/2
⊗νh−2
11/2
(0.26,24.3◦) 4.78
129Cs [75] pi(g4
7/2
h1
11/2
)⊗ν(sd)7h9
11/2
pih1
11/2
⊗νh−1
11/2
(sd)1 (0.21,13.4◦) 2.78
pi(g4
7/2
h1
11/2
)⊗ν(sd)8h8
11/2
pih1
11/2
⊗νh−2
11/2
(0.21,22.7◦) 2.31
131Cs [75] pi(g4
7/2
h1
11/2
)⊗ν(sd)9h9
11/2
pih1
11/2
⊗νh−1
11/2
(sd)1 (0.18,22.0◦) 2.11
pi(g4
7/2
h1
11/2
)⊗ν(sd)10h8
11/2
pih1
11/2
⊗νh−2
11/2
(0.17,24.8◦) 3.00
∗: the configurations have been experimentally observed.
The adiabatic and configuration-fixed constrained
triaxial RMF approaches were developed for the first
time to investigate the triaxial shape coexistence and
possible chiral doublet bands in 2006 [47]. The existence
of multiple chiral doublets (MχD) was suggested in 106Rh
from the examination of the deformation and the cor-
responding configurations. Similar investigations have
also been performed for several isotope chains. These
calculations predicted that the MχD phenomenon might
exist in 54,57,60Co [68], 74,76,80,82Br [69], 78,80,82Rb [70],
106,110Rh [71–73], 105Ag [74] and 125,129,131Cs [75] based
on the triaxial deformations of the local minima and
the corresponding high-j particle(s) and hole(s) config-
urations. The predicted multi-chiral nuclei are listed in
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Tab. 2, together with the calculated triaxial deformation
parameters β and γ, corresponding valence nucleon and
unpaired nucleon configurations of minima, as well as
excitation energies. Thereinto, the configurations of ex-
perimentally observed chiral doublet bands are marked
with an asterisk. From Tab. 2, the excitation energies
of most chiral configurations are less than 3 MeV. It is
easy to be populated in experiment. The further experi-
mental explorations are highly expected to search for the
MχD in these nuclei.
It is worthwhile to mention that a three-dimensional
tilted axis cranking (3DTAC) method based on covariant
density functional theory has been recently established
and used to investigate the MχD for the first time in
a fully self-consistent and microscopic way [73]. This
model reproduced well the available experimental spec-
tra and B(M1)/B(E2) ratios in 106Rh, which exhibited
a high predictive power.
13+
15+
17+
19+
21+21+
21+
10+
9+
19+
17+
15+
13+
11+
9+11
+
20+
18+
16+
14+
12+
Chiral Doublet Bands  A Chiral Doublet Bands  B
4369
3362
2444
1590
923
170
429
1252
2032
2922
3879
4911
4498
3450
2489
1628
769
482
5032
3927
2926
2025
1167
663
5430
6029
4927
4443
3827
3252
2773
2338
1608
1060
911
844
10+
1377
1503
1691
19732058
2631
3268
3826
4420
5015
5604
6046
14021288
381
12+
14+
16+
18+
20+
11+
13+
15+
17+
19+
20+
18+
16+
14+
12+
10+
21+
19+
17+
15+
13+
11+
9+
20+
18+
16+
14+
10+
12+
9+0
Fig. 1. Calculated level scheme for MχD based on the configuration pih11/2⊗νh
−1
11/2 coupled with γ=90
◦ rotor from
Ref. [63]. Red and black arrows represent M1(I→ I−1) and E2(I→ I−2) transitions, respectively.
4 Selection rule for electromagnetic
transitions in MχD
Besides the experimental explorations and theoretical
predictions of MχD, it is also interesting to study the fin-
gerprints of MχD. For a single chiral doublet bands, the
known fingerprints for the ideal chirality are as follows:
(i) the nearly degeneracy of doublet bands, (ii) the spin
independence of S(I), (iii) the similar spin alignments,
(iv) the similar B(M1) and B(E2) values, (v) the stag-
gering of B(M1), (vi) the vanishing of the interband E2
transitions at high spins, and (vii) the small interaction
strength [1, 76–79]. It is obvious that, for the MχD with
the distinct configurations, the chiral fingerprints are still
effective for every pair of chiral doublet bands.
As mentioned above, in comparison with the MχD
that differ from each other in their triaxial deforma-
tions and configurations, MχD may also exist in a sin-
gle nucleus with the identical configuration. The chiral
bands, including the yrast and yrare bands as well as
the higher excited bands, have been studied by the tri-
axial PRM [59–62], which has been extensively used in
studies of chiral doublet bands and yielded lots of suc-
cesses [64, 77, 80–89]. The PRM calculations [59–62]
showed that the properties of the two higher excited
bands, including the excitation energies and selection
rule for electromagnetic transitions, were very similar to
those of the yrast and yrare bands, which indicated that
excited doublet bands could be a pair of chiral partners
as well. However, we noted the existence of a number of
linking transitions between the lowest-lying chiral bands
and higher excited bands. It is necessary to study the
properties of these linking transitions.
In Ref. [63], the selection rule of electromagnetic
transitions for these linking transitions between the low-
est and excited chiral doublet bands in MχD was also
studied based on the triaxial PRM. The calculated level
scheme for two pairs of chiral doublet bands based on the
configuration pih11/2⊗νh−111/2 coupled with γ =90◦ rotor
was shown in Fig. 1. These bands are labeled as 1, 2, 3
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and 4. Bands 1 & 2 and bands 3 & 4 form the chiral dou-
blet bands A and B, respectively. In the calculations, the
deformation parameters β = 0.22, γ = 90◦, moment of
inertia J0 = 30MeV −1~2, intrinsic quadrupole moment
Q0 = (3/
√
5pi)R20Zβ=3.5 and gp(gn)− gR = 0.7(−0.7)
are adopted. As shown in Fig. 1, for the in-band M1
transitions, the same odd-even spin staggering is clearly
seen in the four bands, in which transitions from odd
spin to even spin states are allowed. For the interband
M1 transitions, transitions from band 1 (3) to 2 (4) and
band 2 (4) to 1 (3) are allowed for even spin states de-
caying to odd spin states. The linking M1 transitions
between chiral doublet bands A and B are allowed from
the states of the band 3 decaying alternatively to those
of the band 1 or 2, then the same behavior for band 4
is exhibited. Based on these calculated results, a whole
selection rules of electromagnetic transitions including
in-band, interband and linking transitions were summa-
rized in Ref. [63] (see the Tab. 3 in Ref. [63]). Besides the
whole selection rules, the quantitative relations of elec-
tromagnetic transitions probabilities were also obtained
in Ref. [63]. The B(M1) and B(E2) values in the excited
chiral doublet bands have the same order of magnitude
as those in lowest chiral doublet bands. However, the
B(M1) and B(E2) values of transitions which link the
excited to the lowest chiral doublet bands are two or-
ders of magnitude smaller than those in the lowest (or
excited) chiral doublet bands. The selection rules and
the quantitative relations of electromagnetic transitions
probabilities would be helpful for confirming the exis-
tence of MχD bands with the identical configuration in
the real nuclei.
In Fig. 1, the interband E2 transitions in chiral dou-
blet bands A (or B) are forbidden, which is consistent
with the fingerprint (vi) of ideal chiral doublet bands.
However, there exist a number of E2 linking transitions
between chiral doublet bands A and B. It implies that
such bands 2 and 3 can’t be defined as a pair of ideal
chiral partners. The existence of E2 linking transitions
allow us to extract the interaction strength between chi-
ral doublet bands A and B. For the doublet bands with
the same configuration and deformation, the interaction
strength V can be expressed as [79]
V =
√
R∆EI∆EI−2√
(R+1)2(∆E2I +∆E
2
I−2)+2∆EI∆EI−2(R
2−1) ,
(1)
where R = B[E2,I
yrare→(I−2)yrast ]
B[E2,Iyrare→(I−2)yrare ]
. According to the
Eq. (1), we extracted the interaction strength between
chiral doublet bands A and B. The values of B(E2) and
∆E come from the calculated results of PRM [63]. The
calculations show that the average interaction strength V
between chiral doublet bands A and B is approximately
equal to 200 keV in the chiral range, which implies that
the chiral geometry is mixed by the vibrational compo-
nent [79, 90]. It should be noted that the Eq. (1) are
deduced from the two-band mixing picture. Thus, the
present calculated V is an approximate solution to MχD
bands.
In order to show the picture more clearly, the mixing
ratio and the percentage of E2 mixing for the ∆I=1
linking transitions are calculated in the present work
by the PRM with the ideal case i.e. the configuration
pih11/2⊗νh−111/2 with γ =90◦. The calculations show ∼1%
and 2% E2 admixture for the ∆I=1 transitions in the
chiral doublet bands A and B, respectively, suggesting
these transitions as being essentially of a pure M1 char-
acter. Moreover, relatively large E2 fractions (∼20%)
are obtained for the ∆I=1 linking transitions between
the chiral doublet bands A and B. The enhance E2 com-
ponent is a characteristic feature of the wobbling phonon
excitation [91]. The similar conjecture has been obtained
in Ref. [92] based on the same model calculations. In-
stead of analyzing the interaction strength between chiral
doublet bands A and B, Ref. [92] studied the expectation
value
√
〈R23〉 of the core rotation along the quantization
axis, and found that components of the core rotation
along the long and short axis for the excited doublet
bands are larger than those for the lowest chiral bands.
It implied that the excited pair exhibited a chiral geome-
try which is realized with a wobbling motion of the core.
Hence, the excited pair was claimed as the chiral wob-
blers [92]. Further detailed studies beyond the scope of
this paper are needed to study whether the excited dou-
blet bands are associated with the chiral wobblers. The
possible coexistence of chirality and the other rotational
modes will be discussed in the following section.
5 MχD with octupole correlations and
some related topics
If another spontaneous breaking of discrete symme-
try takes place in addition to chirality, the degree of en-
ergy degeneracy will accordingly be increased resulting
in multiple degenerate ∆I=1 rotational bands. For in-
stance, in the case of the chiral and reflection symme-
try breakings, parity and chiral doubling bring about a
set of four degenerate ∆I=1 bands. The first such ex-
ample, though rather soft breaking of reflection symme-
try, has been found in 78Br [3]. In Ref. [3], two pairs
of positive- and negative-parity doublet bands together
with eight strong electric dipole transitions linking their
yrast positive- and negative-parity bands in 78Br have
been found. It provided the evidence for MχD bands
with octupole correlations, reported the first example of
chiral geometry in octupole soft nuclei, and indicated
that nuclear chirality can be robust against the octupole
correlations. This observation also pointed to the ex-
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citing possibility of observing the chirality-parity quar-
tet (CPQ) bands i.e., four ∆I=1 alternating-parity ro-
tational bands with the same configuration in a single
nucleus with both stable triaxial and octupole deforma-
tions. So far, CPQ bands have not been experimentally
observed.
Note that, a pair of positive-parity doublet bands
and several E1 transitions linking yrast positive- and
negative-parity bands in 124Cs have been reported by
Ref. [93] and Refs. [94, 95], respectively. Based on the
TPRM calculations, Ref. [86] suggested that the positive-
parity doublet bands in 124Cs might correspond to a typ-
ical chiral vibration pattern. Recently, lifetime measure-
ments have been carried out using the Doppler shift at-
tenuation method (DSAM) for the yrast positive- and
negative-parity bands in 124Cs [96]. The measured re-
sults [96] show that the B(E1) rates are of the order of
10−4 W.u., thereby indicating coexistence of a pair of
chiral doublet bands and octupole correlations in 124Cs.
In order to search for the possibly candidate cores
to construct CPQ bands, the potential energy surfaces
(PES) of the even-even Se, Ba, and Ra isotopes were cal-
culated by using the macroscopic-microscopic method in
a multidimensional space {αλ,µ} including quadrupole
(λ=2, µ=0, 2) and octupole (λ=3, µ=0, 1, 2, 3) degrees
of freedom [97]. The calculated results showed that the
even-even isotopes 92Se, 112,114,144−150Ba and 220−228Ra
can exhibit the coexistence of triaxial and octupole de-
formations. It is therefore expected that CPQ bands can
be observed experimentally in these even-even nuclei and
their neighboring odd-A/odd-odd nuclei. As an example,
the calculated PES of 228Ra in the β2−γ and β22−β33
planes using the macroscopic-microscopic method [98–
100] are shown in Fig. 2(a) and 2(b), respectively. One
can see from Fig. 2 that 228Ra has the obviously triaxial
and octupole deformations.
It is necessary to note here that in Tab. 1, the config-
urations of some MχD involve the orbits of pseudospin
doublet states (e.g. 1g7/2, 2d5/2). Thus, a compet-
ing interpretation of these doublet bands would include
the pseudospin doublet bands. Pseudospin symmetry in
atomic nuclei was introduced in 1969 [101, 102]. A pair of
nearly degenerate doublet bands with the configuration
involving pseudospin doublet states have been observed
and suggested as the pseudospin doublet bands in several
nuclei [103–111].
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Fig. 2. The calculated PES of 228Ra in the β2−γ (a) and β22−β33 (b) planes. The energies are normalized with
respect to the ground state. The contour separation is 0.2 MeV.
A specific calculation [74] for the nearly degenerate
triplet bands with the pig−19/2⊗νh11/2(d5/2/g7/2) configu-
ration in 105Ag was performed by using the RMF theory
and the MPRM. The configuration-fixed constrained tri-
axial RMF calculations exhibited the pseudospin sym-
metry in single particle spectra and triaxial shape coex-
istence. The experimental excitation energies and elec-
tromagnetic transition probabilities for the triplet bands
were well reproduced by the MPRM calculations. Thus,
the first & second lowest energy bands and the second
& third bands were interpreted as the pseudospin dou-
blet bands and chiral doublet bands, respectively. This
work also motivated the investigation to search for the
chirality-pseudospin triplet (or quartet) bands in the nu-
clei.
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6 Summary and perspectives
The recent progress in MχD is reviewed for both
experimental and theoretical sides. In particular, the
experimental findings, theoretical predictions, selection
rule of electromagnetic transitions, MχD with octupole
correlations and some related topics are highlighted.
Based on the above discussion, it is of highly scientific
interest to search for the more MχD as well as the possi-
ble chiral wobblers, chirality-parity quartet and chirality-
pseudospin triplet (or quartet) bands in nuclear system.
On the other hand, these exotic nuclear phenomena have
brought severe challenges to current nuclear models and,
thus, require the development of new approaches. Very
recently, to study the MχD with octupole correlations in
78Br, a reflection-asymmetric triaxial PRM with a quasi-
proton and a quasi-neutron coupled with a reflection-
asymmetric triaxial rotor has been developed [112]. Ac-
cording to the present review, we would also like to at-
tract more experimental and theoretical efforts on the in-
vestigation of chirality or multiple chirality in the atomic
nucleus.
The author is grateful to B. Qi, C. Liu, H. Jia, and
N. B. Zhang for helpful discussions and careful readings
of the manuscript.
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